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50; 76) and/or the stator (9; 29; 77) comprise at least one
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gular cross-section, wherein the laminated core (2; 11; 32;72)
comprises a sheet metal strip (1), wherein the sheet metal strip
(1) is wound in a coil shape.
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1
ELECTRICAL MACHINE

BACKGROUND OF THE INVENTION

The invention relates to an electrical machine having a
housing containing a rotor and a stator, with the rotor and/or
the stator having at least one laminated core with a substan-
tially rectangular cross section.

Iron cores are used in a very wide variety of types of
electrical machines for conducting the magnetic flux with a
low level of loss. In this case, inductively generated eddy
currents, which lead to heating of the electrical machine and
furthermore cannot be used, are produced under the influence
of an alternating electrical field in iron cores comprising solid
material. In order to minimize this, iron cores for electrical
machines are preferably formed from metal sheets which are
electrically insulated from one another or as cut strip-wound
cores. In this case, the insulated metal sheets are either con-
structed as individual, loose metal sheets, also called lamina-
tions, or as an interconnected laminated core, also called
stack of laminations, during assembly of the electrical
machine.

As aresult ofthe development of brushless DC motors with
an air gap winding, the basic shape of the laminated cores
with pole shoes has developed to form annular laminated
cores which form a hollow-cylindrical body when they are
stacked. These designs of laminated cores are used, for
example, in electrical machines as disclosed by DE 10 2007
029 739 Al.

In order to produce the laminated cores, the individual
metal sheets are punched out of a sheet metal strip, layered to
form a laminated core and connected to one another. In this
case, the metal sheets can be connected, inter alia, by baked
enamel, punch-stacking or by a weld connection. A high
proportion of waste is created particularly when punching
metal sheets which produce a hollow cylinder when layered.
In order to produce the laminated cores, the sheet metal part
of'the laminated core is punched out of a sheet metal strip with
a width which is a few millimeters greater than the outside
diameter of the sheet metal part which is to be punched. When
the sheet metal part is punched out, both the inner part of the
sheet metal part and the outer part of the sheet metal part, that
is the remains of the sheet metal strip, are wasted. Therefore,
in order to produce a laminated core with a weight of approxi-
mately 190 g with an outside diameter of 68 mm and an inside
diameter of 64 mm and a thickness of 0.7 mm, approximately
2.2 kg of sheet metal are required in order to be able to
produce the laminated core. This corresponds to over 90%
waste.

In order to reduce waste, cut strip-wound cores are used in
the case of transformers. To this end, a sheet metal strip is
wound onto a mandrel with a rectangular cross section and
adhesively bonded. The wound, adhesively bonded laminated
core is then divided centrally parallel to the longitudinal axis
of'the laminated core and the separating surfaces are polished.
Wound coils are inserted into the halves and adhesively
bonded. As a result of the division of the cut strip-wound core
in order to release it from the mandrel, two thin air gaps are
produced when the two cut strip-wound core halves are joined
to one another, said air gaps influencing the magnetic flux
between the two cut strip-wound core halves. On account of
the two-part design of the cut strip-wound core, said cut
strip-wound core is particularly unsuitable for use in rotating
electrical machines. The cut strip-wound core is primarily
unsuitable for use on the rotor since the metal sheets are
exposed to high centrifugal forces here. The air gap and the
polishing steps required to minimize the air gap do not favor
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use on the stator. Therefore, laminated cores in which the
individual metal sheets are produced by means of punching
from a sheet metal strip are primarily used in electrical
machines with a rotor and/or a stator.

SUMMARY OF THE INVENTION

The object of the invention is therefore to provide a lami-
nated core for an electrical machine, in which waste is mini-
mized during production of the laminated core, it being pos-
sible to produce said laminated core in a simple manner, to
mount said laminated core in the electrical machine and to use
said laminated core both on the stator and on the rotor of an
electrical machine.

According to the invention, it has been identified that a high
proportion of material being wasted can be avoided during
production of a laminated core with a rectangular cross sec-
tion of a rotor and/or a stator of an electrical machine by the
laminated core having a continuous sheet metal strip which
forms a hollow-cylindrical body when wound in the form of
acoil. In this way, the material weight used can be reduced by
approximately one order of magnitude compared to the
punching method used. Furthermore, the sheet metal strip
which is wound in the form of a coil facilitates mounting in
the rotor or stator.

In a further embodiment of the invention, the electrical
machine has a support on the stator and/or on the rotor, said
support having at least one receptacle, and with the prestress
of'the wound sheet metal strip of the laminated core being set
such that the laminated core is arranged in the receptacle of
the support of the stator and/or of the rotor without play. This
has the advantage that the laminated core is automatically
matched to the manufacturing dimensions of the support.

In a further embodiment of the invention, the sheet metal
strip of the laminated core is connected in the axial direction
at least partially by means of baked enamel or by means of a
weld connection. In this way, the moving and flexible lami-
nated core can be fused and/or welded to form a strong struc-
ture.

In a further embodiment of the invention, the sheet metal
strip of the laminated core comprises a soft-magnetic mate-
rial. The magnetic flux can be conducted in this way.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in greater detail below with
reference to figures in which:

FIG. 1 shows a perspective view of a wound sheet metal
strip of the laminated core in an extended, stressed state,

FIG. 2 shows a perspective view of the wound sheet metal
strip of the laminated core from FIG. 1 in a relaxed state

FIG. 3 is a schematic 3D illustration of a first embodiment
of an electrical machine according to the invention,

FIG. 4 is a schematic 3D illustration of a second embodi-
ment of an electrical machine according to the invention, and

FIG. 5 shows a detail of a section through an electrical
machine according to a third embodiment of the invention.

DETAILED DESCRIPTION

Laminated cores 2 for electrical machines are usually pro-
duced by means of punching. In the process, a high proportion
of material is wasted when producing hollow-cylindrical
shapes. In order to make production more resource-friendly,
the laminated core 2 has been wound in the form ofa coil from
a sheet metal strip 1 according to the invention.
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FIGS. 1 and 2 are perspective illustrations of a wound sheet
metal strip 1 of a laminated core 2 for an electrical machine.
Inthis case, the laminated core 2 is illustrated in an expanded,
stressed state in FIG. 1. In FIG. 2, the laminated core 2 is
illustrated in a relaxed state.

The laminated core 2 can be produced by means of edge-
rolling. In this case, a sheet metal strip 1 is wound on edge
around a mandrel which has a circular cross section. In this
case, the number of windings corresponds to the convention-
ally used number of layers of metal sheets in the laminated
core 2. After the mandrel is removed, the integral laminated
core 2 has a hollow-cylindrical basic shape. On account of the
integral design, the laminated core 2 can be kept ready for
production in a prefabricated state.

The sheet metal strip 1 for winding the laminated core 2 has
a rectangular cross section, it being possible for the sheet
metal strip 1 to have both sharp and rounded edges. The sheet
metal strip 1 has soft-magnetic properties, with the sheet
metal strip 1 comprising a material which comprises silicon
and/or iron. The material of the sheet metal strip corresponds,
for example, approximately to the materials disclosed in DIN
EN 10106: 1996-02 for cold-rolled non-grain-oriented mag-
netic steel sheet and strip in the finally-annealed state or DIN
EN 10107: 2005-10 for grain-oriented magnetic steel sheet
and strip in the finally-annealed state. The sheet metal strip 1
of the laminated core 2 can also be manufactured from a flat
wire, the material RSI 24 according to DIN 17405 being in
particular suitable for producing the laminated core 2 from a
flat wire. In this case, the sheet metal strip 1 can have an
additional coating in order to influence the sheet metal strip 1
in respect of corrosion protection, insulation, thermal flow,
heat resistance or weldability. Particularly suitable coating
materials include plastics, for example synthetic resins, or
baked enamel and also inorganic compounds. The applied
layer thickness is selected by a person skilled in the art
depending on the intended use of the sheet metal strip 1 of the
laminated core 2. In this way, the individual turns of the sheet
metal strip 1 can be insulated from one another, so that eddy
currents cannot propagate over the contact areas of the sheet
metal strip 1.

In respect of assembly of the laminated core 2, the wound
sheet metal strip 1 provides the possibility of increasing the
size of the inside diameter of the laminated core 2 by twisting
one end about the longitudinal axis of the laminated core 2 in
relation to the other end about the longitudinal axis of the
laminated core 2, as illustrated in FIG. 1. Analogously, the
outside diameter of the laminated core 2 can also be reduced
in size. This has the advantage that the laminated core 2 canbe
introduced into a receptacle in a prestressed, expanded state.
In this case, the receptacle can have a cylindrical basic shape,
but also be designed to be in the form of a barrel or in a
rotationally symmetrical manner. The seating of the lami-
nated core 2 in the receptacle is fixed by relaxing the lami-
nated core 2. In this case, the laminated core 2 rests against the
contour of the receptacle. Similarly, the outside diameter of
the laminated core 2 can be reduced in order to introduce the
laminated core 2 into a rotationally symmetrical body on the
inside of the receptacle, with the outside diameter expanding
due to relaxing and the laminated core 2 thus resting by way
of'its outer faces against the inner contour of the receptacle.
The laminated core 2 can be inserted into the receptacle
without play by virtue of suitable selection of the inside
diameter and, respectively, of the outside diameter of the
wound sheet metal strip 1 of the laminated core 2. This has the
advantage that the laminated core 2 is automatically matched
to the manufacturing tolerances of the receptacle.
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FIG. 3 is a schematic 3D illustration of an electrical
machine according to a first embodiment. The electrical
machine, which is illustrated in a three-dimensional half-
section, is designed as a brushless DC machine which has a
rotor 8 which, as an external rotor 10, at least partially sur-
rounds a stator 9. The rotor 8 has a bell 13 with a central
opening 18 for receiving a shaft (not illustrated) which lies on
the rotation axis 7. Fastening openings 19 are provided in the
bell for the purpose of transmitting the generated torque of the
external rotor 10, said fastening openings ideally being
arranged concentrically about the rotor axis 7. Three fasten-
ing openings 19 with an angular offset of 120° are provided
around the rotation axis 7 in the illustrated exemplary
embodiment, said fastening openings having conical rein-
forcements at their side faces, said reinforcements projecting
into the space in the bell 13 of the rotor 8.

The magnets 14 are arranged on the inside over the circum-
ferential surfaces of the cylindrical inner contour of the bell
13 of the rotor 8. By way of example, twelve magnets 14 are
arranged concentrically around the rotor axis 7 in the illus-
trated exemplary embodiment of the rotor 8, with only seven
being at least partially illustrated on account of the illustration
being of a half-section. The magnets are generally fixed by
adhesive bonding, clamping, clipping, encapsulation or by a
combination of these.

The stator 9 has, as a support, a first insulating mask 15 and
a second insulating mask 17, with the two insulating masks
15, 17 having recesses and raised portions. The raised por-
tions and recesses alternate at a regular angle over the course
of'the side faces of the insulating masks and are located on the
respectively opposite side faces of the two insulating masks
15, 17. The recesses and raised portions are formed such that
in each case one raised portion of the first insulating mask 15
engages in the opposite recess of the second insulating mask
17. The recesses and the raised portions allow flexible adap-
tation of the support to the density of a laminated core 11. The
inside of the stator 9 is not illustrated and said stator is fixed,
for example to a vehicle, by a fastening part on the right-hand
side of the illustration. In this case, the design of the electrical
machine which is described in the embodiment is suitable, for
example, as a fan motor, in which the fan impeller is fixed
directly on the bell 13 of the rotor 8.

In order to assemble a customarily used laminated core
which is composed of a plurality of individual punched metal
sheets, the first insulating mask 15 has to be separated from
the second insulating mask 17 for the purpose of installing the
laminated core, in order to line up the individual metal sheets
of the laminated core on the first insulating mask 15 or the
second insulating mask 17. After the metal sheets of the
laminated core are lined up on one of the insulating masks 15,
17, the opposite insulating mask can be pushed onto the other
insulating mask again. Disadvantages of the assembly of the
laminated core include, in particular, individual threading of
the metal sheets onto the insulating masks 15, 17 and the high
requirement for resources for producing the individual annu-
lar metal sheets from a sheet metal strip.

Similarly to the laminated core 2 in FIG. 1 and FIG. 2, the
laminated core 11 is integrally produced from a sheet metal
strip which is wound around a mandrel. The laminated core
11 can be fitted onto one of the separated insulating masks 15,
17 in a similar manner to the laminated core 11 which com-
prises individual metal sheets. However, it is also possible to
widen the inside diameter of the laminated core 11 by twisting
one end of the laminated core 11 in relation to the other end of
the laminated core 11 about the longitudinal axis of the lami-
nated core 11 and to prestress the laminated core 11. As a
result, the laminated core 11 can be pushed over the maxi-
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mum dimensions of the insulating masks 15, 17. In a position
pushed over the receptacle 16, the laminated core 11 can be
introduced into the receptacle 16 by relaxing the laminated
core 11, and therefore by reducing the inside diameter of said
laminated core 11.

On account of the integral design of the laminated core 11,
the laminated core 11 lengthens when it is stressed such that
the outside diameter of the laminated core 11 is reduced, and
shortens when the inside diameter is widened. In both cases,
the laminated core 11 returns to the original shape in the event
of tensioning in the elastic region of the material of the lami-
nated core 11 and adapts to the receptacle without play. In this
way, the laminated core 11 can be introduced into the recep-
tacle 16 of the insulating masks 15, 17 more easily than
individual metal sheets.

After the laminated core 11 is introduced into the support,
the stator 9 can be wound. The laminated core 11 serves as a
magnetic return path for the winding 12 which is designed as
an air gap winding. Motors with an air gap winding advanta-
geously have a very low cogging torque on account of pole
shoes being dispensed with. The illustrated conduction
regions of the winding 12 are connected to one another and
wired up such that a magnetic alternating field is built up by
power being supplied by means of alternating current, said
magnetic alternating field causing the rotor 8, which is pro-
vided with magnets 14, to rotate.

After the laminated core 11 is mounted, the laminated core
can be heated together with the support and possibly with the
mounted windings 12 in order to bake the flexible laminated
core 11 by means of baked enamel so as to form a solid
component. It would likewise be feasible to at least partially
fix the laminated core by means of a weld connection.

FIG. 4 shows a longitudinal section through an electrical
machine 40 having a stator 29, which is arranged in a housing
41, and a rotor 50, which is arranged as an internal rotor. The
rotor has a rotor shaft 52 on which at least one permanent
magnet 54 is arranged. The rotor shaft 52 is mounted by a first
bearing 64 and a second bearing 62. The bearings 62, 64 are
designed as roller bearings in the embodiment but sliding
bearings would also be feasible. An air gap 56 is formed
between an outer circumference of the rotor 50 and an inner
contour of a winding former 22 of the stator 29 of the elec-
trical machine 40. An insulating means 30 is mounted on the
outer circumference of the winding former 22, a laminated
core 32 being arranged on said insulating means. In this case,
the laminated core 32 comprises a wound sheet metal strip
and replaces the sheet metal rings which are usually layered in
the axial direction. The illustrated laminated core 32 is pro-
duced in a similar way to the laminated core 2 which is shown
in FIGS. 1 and 2. The individual rectangular layers of the
laminated core 2 are axially displaced by the winding of the
sheet metal strip. As a result, relatively small cavities can
form in the region of the fastening points at the upper and
lower ends of the laminated core 32. In this case, the lami-
nated core 32 is seated on a winding former 22, the windings
of said winding former comprising a large number of enam-
eled copper wires which are shaped in a suitable manner.

The winding former 22 has an axial expansion in the form
of'a winding head 24 at its end which is at the bottom in the
illustration, said winding head having approximately an out-
side diameter which corresponds to the outside diameter of
the laminated core 32. The winding former 22 is molded
radially inwardly at the opposite end 26 of the winding former
22, so that the winding head 24 surrounds the permanent
magnets 54 on the rotor shaft 52 in a bell-like manner with a
thickened lower edge. The winding former 22 or its winding
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6

lines (not illustrated) can be supplied with power via an
electrical connection 60 on the winding head 24.

A fixing ring 28 is arranged between the laminated core 32
and the winding head 24 of the winding former 22 such that
said fixing ring fits closely to the radius of the main body and
of the winding former 24. In this case, the fixing ring 28
additionally lies on the insulating means 30. The laminated
core 32 is held in its position in the housing 41 of the electrical
machine 40 by means of a projection 31 and by means of the
fixing ring 28. In this case, the winding former 22 is fixed to
points (not illustrated) in the housing 41. The electrical
machine 40 has, at one end of the rotor shaft, a flange 66 in
order to transmit the power of the electrical machine to a
further assembly (not illustrated).

FIG. 5 shows a cross section through an electrical machine
according to a third embodiment of the invention. In this case,
the electrical machine comprises a rotor 76 and a stator 77. In
the embodiment, the rotor 76 is designed as an internal rotor
and the stator 77 has a typical pole shoe construction. The
rotor 76 has a support 70 which is arranged on a rotor shaft
(not illustrated). The support 70 is radially surrounded by a
laminated core 72. The laminated core 72 is produced from a
sheet metal strip 72 which is wound around a mandrel in a
similar way to the laminated core 2 from FIGS. 1 and 2. The
sheet metal strip can also comprise flat wire. The laminated
core 72 can be stressed by twisting one end of the laminated
core 72 about the longitudinal axis of the laminated core 72 in
relation to the other end of the laminated core 72, with the
inside diameter of the laminated core 72 increasing in size in
the process. In the prestressed state, the laminated core 72 can
be mounted on the support 70 of the rotor 76 and be fixed in
its position on the support 70 by relaxing the laminated core
71. In this case, the laminated core 72 rests on the circular
outer contour of the support 70 without play. In order to form
the laminated core 72 to form a rigid structure on the rotor 76,
the adjoining turns of the sheet metal strip can be connected to
one another, for example, by individual weld points on the
laminated core 72. However, it is also feasible to provide the
sheet metal strip of the laminated core 72 with baked enamel
and to heat the rotor 76 together with the mounted laminated
core 72, so that the individual turns of the laminated core 72
fuse due to the baked enamel so as to form a strong structure.

A plurality of permanent magnets 71 is arranged on the
laminated core 72, said permanent magnets being fixed in
segments to the support 70, for example by way of their lower
face, for example by adhesive bonding. Alloys are used in
order to produce permanent magnets 71, said alloys contain-
ing, for example, iron, nickel or cobalt and it being possible
for said alloys to be provided with additives. The materials
are, for example, sintered and then magnetized by external
magnetic fields. The laminated core 72 which is arranged
beneath the permanent magnets 71 ensures the magnetic
return path of the permanent magnets 71. The permanent
magnets 71 have, by way of example, a substantially rectan-
gular cross section, with the upper face and lower face being
ring-like, with the center of the ring lying on the longitudinal
axis or the rotor axis of the rotor 76. The permanent magnets
71 are arranged within the rotor 76 such that their surfaces
cover individual regular sections in a concentric circle around
the rotor axis.

It goes without saying that a person skilled in the art is
familiar with the possibility that the invention is not restricted
to the illustrated exemplary embodiments. Instead, the lami-
nated core which is produced from a wound sheet metal strip
can be used anywhere in an electrical machine where disk-
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like, hollow-cylindrical metal sheets or laminated cores have
been used to date in order to conduct the magnetic flux within
the electrical machine.

The invention claimed is:

1. An electrical machine having a rotor (8) and a stator (9),
with the stator (9) having a winding (12) and at least one
laminated core (2; 11) with a substantially rectangular cross
section, characterized in that the laminated core (2; 11) has a
sheet metal shaped strip (1), with the sheet metal shaped strip
(1) being wound in the form of a coil, and that the stator has
asupport (15, 17) including separate first and second portions
arranged radially within the winding (12) of the stator and
positioned along an axis of the stator, wherein the first and
second portions of the support (15, 17) have opposing faces
with inter-engaging and alternating axially recessed portions
and axially raised portions wherein the support has at least
one receptacle (16) defined within the first and second por-
tions of the support (15, 17), and with the prestress of the
wound sheet metal shaped strip of the laminated core (2; 11)
being set such that the laminated core (2; 11) is arranged in the
receptacle of the support (15, 17) of the stator without play.

2. The electrical machine as claimed in claim 1, character-
ized in that the sheet metal shaped strip (1) is composed of flat
wire.

3. The electrical machine as claimed in claim 1, character-
ized in that the laminated core (2; 11) is produced from a
single piece of the sheet metal shaped strip.

4. The electrical machine as claimed in claim 1, character-
ized in that the sheet metal shaped strip (1) of the laminated
core (2;11) is connected in the axial direction at least partially
by means of baked enamel or by means of a weld connection.

5. The electrical machine as claimed in claim 1, character-
ized in that the sheet metal shaped strip (1) comprises a
soft-magnetic material.

6. A method for producing a laminated core (2; 11) for a
stator (9) of an electrical machine, characterized by the steps
of:

winding a sheet metal shaped strip (1),

prestressing the wound sheet metal shaped strip (1) of the

laminated core (2; 11) by twisting one end of the sheet
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metal shaped strip (1) about a longitudinal axis of the
laminated core (2; 11) in relation to the other end of the
sheet metal shaped strip (1),

inserting the prestressed sheet metal shaped strip (1) of the
laminated core (2; 11) into the electrical machine, and

relaxing the wound sheet metal shaped strip (1) of the
laminated core (2; 11), as a result of which the laminated
core (2; 11) bears against a receptacle (16) defined
within first and second portions of a support (15, 17)
having opposing faces with inter-engaging and alternat-
ing axially recessed and axially raised portions, the sup-
port (15, 17) being arranged radially within a winding
(12) of the stator and positioned along an axis of the
stator of the electrical machine.

7. The method as claimed in claim 6, characterized in that
the electrical machine is at least partially heated after the
laminated core (2; 11) is inserted into the electrical machine,
in order to adhesively connect adjoining regions of the lami-
nated core (2; 11) to one another.

8. The method as claimed in claim 6, characterized in that
the sheet metal shaped strip (1) of the laminated core (2; 11)
is at least partially welded.

9. The method as claimed in claim 6, characterized in that
the sheet metal shaped strip (1) has soft-magnetic properties.

10. The electrical machine as claimed in claim 6, charac-
terized in that the laminated core (2; 11) is produced from a
single piece of the sheet metal shaped strip.

11. The electrical machine as claimed in claim 10, charac-
terized in that the prestress of the wound sheet metal shaped
strip of the laminated core (2; 11) is set such that the lami-
nated core (2; 11) is arranged in the receptacle of the support
(15, 17) of the stator without play.

12. The electrical machine as claimed in claim 11, charac-
terized in that the sheet metal shaped strip (1) of the laminated
core (2; 11)is connected in the axial direction at least partially
by means of baked enamel or by means of a weld connection.

13. The electrical machine as claimed in claim 12, charac-
terized in that the sheet metal shaped strip (1) comprises a
soft-magnetic material.
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